Abstract. Focusing on an infrared camera and a near-infrared radar, we have developed a system for new amusements which we can operate by gesture input toward a screen or moving our bodies in front of a screen projected on a wall. The infrared camera is used for operations performed by means of gestures, and the near-infrared radar is used for operations performed by larger movement of a human body by detecting the position of the person or the state of his feet near the floor surface. A screen is projected on a wall by an ultra-short throw projector. This system can be set up anywhere if there is a certain sized wall.
Introduction
Studies of gesture input have been proceeding as a method of intuitive operations. Examples for the studies include touch panels, graphics tablets, Apple's Magic Mouse for computers and game operations by Wii remote control toward a TV screen. However, these examples of gesture input are basically used within a restricted range, and unsuitable for large-scale amusements such as physical amusements. Consequently, focusing on an infrared camera and a near-infrared radar, we have developed a system for new amusements which we can operate by gesture input toward a screen or moving our bodies in front of a screen projected on a wall.
Devices used for gesture input
An infrared camera and a near-infrared radar are used as devices for gesture input. They have advantages that they are easy to set up because of their compact sizes and they have sufficient processing capacities. The infrared camera is used for operations performed by means of gestures, and the near-infrared radar is used for operations performed by larger movement of a human body by detecting the position of the person or the state of his feet near the floor surface.
An infrared camera, OptiTrack FLEX V100 is used. The data of three-dimensional coordinates, sizes and areas of markers are obtained by irradiating infrared light from around a lens on the camera and taking the reflected infrared light from the surface of the markers. An image taken by the camera has only the markers and the other part of the image except the markers such as background and others becomes "transparent". Processing of the captured image is immediately performed and gesture input is immediately reflected in output image of an application. Image capture is performed 100 times per second, a view angle is 45-degree and the range of capture is 3 cm to 6 m when a 1-inch standard marker is used ( figure 1) .
The near-infrared radar rotates laser beams 36 times per second with a 0.36-degree pitch in fan-shaped flat space with radius 4 m and central angle 240-degree, and can acquire the data of directions and the distances to objects by detecting the reflected laser beams from the surface of the objects. The positions of the objects are calculated from these data (figure 1).
Fig. 1. An infrared camera and markers(left) and data detected by a near-infrared radar(right).

System Structure
A screen is projected on a wall by an ultra-short throw projector. This system can be set up anywhere if there is a certain sized wall. Further, as it is assumed that an operator stands in front of a screen, there is a possibility that a body silhouette appears on the screen when normal projectors are used, however, if an ultra-short throw projector is used, the silhouette does not almost appear on the screen because the main body of the projector can be placed almost adhered to a wall.
The infrared camera is fixed with a tripod and installed in the position at the same height or a little higher than the operating position. The camera is connected to a personal computer with an USB cable and captured images are sent to a server using API. The server performs image processing, calculates the coordinates, height, width and area of each detected marker, lumps the data together and sends it to an application, and the data is utilized for the application. The near-infrared radar is set up on a floor and detects the standing position and other data of an operator. Figure 2 shows the system configuration. The recognition of the position of a person standing on the floor is performed by placing the near-infrared radar parallel to the floor. The radar can recognize the shapes of the person as follows; if both feet are detected by the radar, the person is standing, if one foot is detected by the radar, the person is standing on one foot and if the radar does not detect anything, the person is jumping. Squat is recognized by placing two radars and sensing at different heights. This system can be available for several people at the same time.
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An example of applications A product example of applications using gesture input by an infrared camera is shown in Figure 3 . This is an amusement in which cards displayed on a wall are moved by gestures. The card overlapped with a marker goes away at random and an image hidden behind these cards appear. 
